We consider the non-minimally kinetic coupled version of DGP brane model, where the kinetic term of the scalar field is coupled to the metric and Einstein tensor on the brane by a coupling constant ζ. We obtain the corresponding field equations, using the Friedmann-Robertson-Walker metric and the perfect fluid, and study the inflationary scenario to confront the numerical analysis of six typical scalar field potentials with the current observational results. We find that among the suggested potentials and coupling constants, subject to the e-folding N = 60, the potentials V (φ) = σφ, V (φ) = σφ 2 and V (φ) = σφ 3 provide the best fits with both Planck+WP+highL data and Planck+WP+highL+BICEP2 data.
I. INTRODUCTION
During the last several years, the braneworld scenario has been considerably studied within the variety of different models. According to this scenario, we are living over a three-dimensional hypersurface in a higher-dimensional spacetime; the standard model particles are confined on the brane, and the gravitons propagate in the bulk spacetime [1, 2] . Using this scenario in a five-dimensional spacetime, Randall and Sundrum (RS) proposed two kinds of resolutions for the hierarchy problem [3] . They showed that in a five-dimensional spacetime one may derive the effective Einstein equations for the 4D brane metric obtained by projecting the 5D metric onto the braneworld which result in the most general form of the 4D gravitational field equations for a braneworld observer [4] [5] [6] [7] . Induced gravity brane model proposed by Dvali, Gabadadze and Porrati (DGP) is another example of this scenario to account for the self accelerating behaviour of the universe [8] . Many authors have studied the geometrical [9] [10] [11] [12] [13] as well as the cosmological [14, 16, 17] aspects of this new 5D gravitational model. DGP model with a bulk cosmological constant and a tension of the brane, with energy scale much larger than the 5D Planck mass, leads to the effective cosmological constant on the brane which is extremely reduced in contrast to the RS model, even if the cosmological constant and the tension are not fine-tuned [18] .
The inflationary scenario can resolve the problems of standard cosmology such as the flatness, horizon, monopole and relics problems. In most of the successful inflationary models the universe is filled with a scalar field so called Inflaton whose potential energy is dominant over its kinetic energy [19] [20] [21] [22] [23] [24] [25] [26] . However, several problems remain without concrete solutions [24] [25] [26] 28] . Hence, many other inflationary models such as the braneworld models [29] [30] [31] [32] [33] , models with non-minimally coupled inflaton field [34] [35] [36] [37] [38] [39] [40] [41] , modified gravity [42, 44, 45] , and models with a wide range of potentials have attracted so much attention in the recent years. In this regard, variety of models have been proposed however those models are viable that show consistency with observational data and provide us with a mechanism for generating the initial fluctuations and perturbations in the early universe as the seeds for the formation of the structures in the universe. In such models, the fluctuations in the scalar field as well as the transverse and traceless parts of the metric lead to the scalar and tensor power spectrum, respectively [19] [20] [21] [22] [23] [24] [25] [26] . The scalar power spectrum is nearly scale-invariant, with the order of unity, and the good point is that the exact value of spectral index can be obtained by using the observational data. Moreover, the running of spectral index and the tensor-to-scalar ratio can also be constrained observationally. Comparison between the calculated values of these parameters and the recent observational data are the most powerful probes for ruling out or keeping a specific inflation model. Such a study has already been done in the context of non-minimal DGP braneworld inflation in Ref. [27] , where the non-minimal feature of the model was attributed to the non-minimal coupling between the inflaton field and the induced Ricci scalar on the brane. Also, the observational constraint were analyzed with respect to the background of Planck+WMAP9+BAO data and the potential V (φ) ∼ exp(−βφ) was obtained as the best fit case.
Here, we develop a study similar to Ref. [27] to find other possible inflation models, consistent with the observations, in DGP braneworld scenario. However, the present study is much different from Ref. [27] in four senses. The first is that here we follow a different approach to use the non-minimal feature in our model. Rather than considering the non-minimal coupling between the inflaton field and the induced Ricci scalar on the brane, we consider a non-minimal coupling between the kinetic term of the inflaton field and Einstein tensor on the brane. Such models are known as non-minimal kinetic coupled gravity [48] . The second is that here we analyze our observational constraint with respect to the background data of Planck+WP+highL+BICEP2 rather than Planck+WMAP9+BAO. The third is that here we consider six types of inflaton potentials, more or less different from those of Ref. [27] , and perform a numerical analysis on the inflationary parameters of this model to confront them with Planck+WP+highL+BICEP2 data. The forth is that here we obtain three new best fit potentials rather than (and different from) one obtained in Ref. [27] . It was already found that some potentials which are suitable for inflation in 4-dimensional model, cannot lead to a successful inflation in the minimal case of 5-dimensional DGP model. Moreover, some potentials which are not compatible with observational data in a 4-dimensional model, can lead to viable results in a minimal 5-dimensional DGP model [27] . In this paper, by considering a non-minimal coupling between the kinetic term of the scalar field and Einstein tensor in a 5-dimensional DGP model, we obtain new scalar field potentials suitable for inflation.
II. FIELD EQUATIONS IN THE BRANE SCENARIO
We assume a 5D bulk spacetime (M, (5) g AB ) with the coordinates X A (A = 0, 1, 2, 3, 5) and a 4D brane (M, g µν ) located at a hypersurface B(X A ) = 0. The standard action for the braneworld is written as
where κ 2 5 corresponds to the 5D gravitational constant m 5 , (5) L m and (5) R are the 5D the matter Lagrangian in the bulk and scalar curvature, respectively. Also, x ν (ν = 0, 1, 2, 3) are the induced 4D coordinates on the brane, K ± is the trace of extrinsic curvature on either side of the brane [50, 51] and L brane (g αβ , ψ) is the effective 4D Lagrangian which is given by a typical functional of the brane metric g αβ and matter fields ψ.
The five-dimensional Einstein equations in the bulk are given by
where
is the energy-momentum tensor of bulk matter fields, and
is the effective energy-momentum tensor localized by δ(B) on the brane. The induced 4D metric can be written as
where n A is the spacelike unit-vector field normal to the brane hypersurface M . Following [4] , [7] , and [10] one obtains the gravitational field equations on the braneworld as [? ]
and
III. DGP BRANE'S MODEL WITH NON-MINIMAL KINETIC COUPLED GRAVITY
In this section, we modify DGP braneworld model by a non-minimal kinetic coupling term in the Lagrangian
where µ is a mass scale which may correspond to the four dimensional Planck mass m 4 , R is the Ricci scalar, ζ is a coupling parameter with dimension of (length) 2 , V (φ) is the scalar field potential, λ is the tension of the brane, and L m is the Lagrangian of other matters on the brane. The presence of Einstein tensor in the kinetic term of the inflaton field is novel and casts this model in the context of non-minimal coupled gravity. Also, we take only a cosmological constant (5) Λ in the bulk.
A. Field Equations on the brane
To obtain the field equations on the brane, we calculate the energy-momentum tensor of the brane as
Substituting this equation into Eq. (7), one can find the effective equations for 4D metric g µν as [18] 1 + λ 6 κ
T and G being the trace of energy-momentum and Einstein tensors, respectively. Because of the Bianchi identity, the Codazzi equation reads as D ν τ µν = 0 which implies the energy momentum conservation, i.e.
B. Cosmology of non-minimal kinetic coupled DGP model
We take the spatially flat isotropic and homogeneous FRW line element on the brane
where δ ij is a symmetric 3-dimensional metric and a(t) is the scale factor. Studying such universe with a perfect fluid and following [4] , we can write D ν π µν = 0 implying that
The original field equations (7) can be written as [18] 
Eqs. (24) and (25) are written as [18] 
1 + κ
By using Eq. (23), we can obtain the equation of motion for E 0 0 as followṡ
By integrating from the above equation we can easily find
where E 0 is an integration constant. Now, we must solve the equation (30), as a quadratic equation with respect to X, which can be written as
with the mass scale m λ = λ 1/4 . Also, stands for either +1 or −1, and A is defined by [18] A ≡ A
Equation (35) is considered as the Friedmann equation of this model. Note that the choice of sign for has a geometrical meaning [14] and it is determined by the initial condition of the universe.
IV. INFLATION
In the slow-roll regime, we have 9ζH 2φ2 V (φ),φ 3Hφ [15] and because of (34) at inflationary stage (a E 0 ), we may ignore the integration constant E 0 by setting E 0 = 0. So, the energy density takes the following form
By varying the Lagrangian (11) with respect to the scalar field we have
Using the slow-roll approximation, we obtain the following equation of motion
So, the Einstein equations in slow-roll approximation take the following forms, respectively as
and denotes
The slow-roll parameters defined by ε ≡ −Ḣ H 2 and η ≡ ε −ε 2Hε take the following forms, respectively as
The number of e-folding is given by
Hdt where (t i ) and (t e ) are the initial and end time of inflation, respectively. For a warped DGP model with a non-minimally kinetic coupled gravity on the brane, we will get the following expression
where φ i and φ f are the values of φ when the radius of universe crosses the Hubble horizon during inflation and exits the inflationary phase, respectively. A useful tool to test the viability of inflationary models is the spectrum of perturbations produced due to the quantum fluctuations around their homogeneous background values. The conformal-Newtonian metric is given by [57] [58] [59] 
where Ψ is called the Bardeen potential. The primordial power spectrum is defined by the following expression [46] 
Using the scalar field equation of motion in slow-roll regime (i.e. equation (43)), we get
In the slow-roll regime, we know that ε 1 andḢ 0 ; so the equation (53) takes the following approximate form
where d ln k(φ) = dN (φ). As is seen, for n s = 1 the power spectrum of the perturbation is scale invariant. In our warped DGP model, we obtain the scalar spectral index in the slow-roll regime as follows
where A is defined in (49) . The running of spectral index in our model is given by
The tensor perturbation (gravitational wave) amplitude of a given mode, at the time of Hubble crossing, is given by
In our model and in the slow-roll regime, we find the primordial tensor perturbation
and the tensor spectral index is given by
so, in the slow-roll regime we can express it as follows
Now, we evaluate the tensor-to-scalar ratio as
Up to now, we have presented the equations of cosmological dynamics. In the following, we perform numerical analysis on the inflationary parameters of the warped DGP model with a non-minimally kinetic coupled gravity on the brane. Now, we shall consider some types of potentials by substituting them in the integral of equation (50) and then solve this equation. But, first we should find the value of φ at the end of inflation, namely φ f , by setting ε = 1 in Eq.(47) (corresponding to the end of inflation). Then, we put it in (50) and find φ i in terms of N and substitute φ i in n s , r and α, for any given values of N . Now, we can compare these inflationary parameters with the recent observational data. 
V. OBSERVATIONAL CONSTRAINT
In this section, first we introduce our model parameters as
together with two parameters (ζ, σ); the first one is the nonminimal coupling constant for which we shall take different values so that one can decide which one shows best fit with observations and the second one is the parameter defined in the scalar field potential (se bellow) which, with no loss of generality, we will take its value to be of the order of unity. Then, we investigate these models and compare the results with the observational data.
The non-minimally kinetic coupled DGP model is well inside the joint 95% CL Planck+WP+highL data (red area) for all values of e-folding N , but it does not lie inside the joint 95% CL Planck+WP+highL+BICEP2 data (blue area). In the left plot of Fig.1 the behavior of tensor to scalar ratio versus scalar spectral index is shown in the background of the Planck+WP+highL+BICEP2 data for six values of N . In the right plot, the evolution of running of spectral index versus scalar spectral index has been plotted for the similar situation. It is seen that, for all six values of the number of e-folding, the running of scalar spectral index is negative and close to zero.
The non-minimally kinetic coupled DGP model is well inside the 95% CL of the Planck+WP+highL data, but it does not lie inside the 95% CL of the Planck+WP+highL+BICEP2 data. Evolution of tensor to scalar ratio versus scalar spectral index is shown in the left plot of Fig.2 . For all given values of N , the non-minimally kinetic coupled DGP model lies inside the 95% CL Planck+WP+highL data. Evolution of the running of scalar spectral index versus scalar spectral index has been plotted in the right panel of Fig.2 . For this case, the running is negative and close to zero.
C. V (φ) = σφ
A minimally coupled four-dimensional setup with this potential lies within the 95% CL of the Planck+WMAP9+BAO data [26] . Our braneworld model (non-minimally kinetic coupled model), with this linear potential, lies within the 95% CL Planck+WP+highL+BICEP2. A minimally coupled DGP model with this potential lies still inside the 95% CL of the Planck+WMAP9+BAO data. As before, we consider six values of number of e-folding. In the left plot of Fig.3 , we see the evolution of tensor to scalar ratio versus scalar spectral index. From our numerical analysis it appears that in a DGP model with non-minimally kinetic coupled gravity, the model lies in the 95% CL Planck+WP+highL+BICEP2, for all given values of N . The right plot of Fig.3 shows the evolution of running of scalar spectral index versus scalar spectral index. As the figure shows, for a non-minimally kinetic coupled DGP model with a linear potential, the running of scalar spectral index is close to zero.
In [47] , it has been shown that in 4-dimensions the model with this potential lies outside and inside the 95% CL of the joint Planck+WMAP9+BAO data for N = 50 and N = 60, respectively. Now, we explore the situation for a 5-dimensional model. According to the WMAP7+BAO+H 0 data [60] , a warped DGP model with minimally coupled scalar field and with a squared potential, lies inside the 95% CL for N < 70. Now, with recent BICEP2 date, the situations change considerably. In a minimally coupled DGP model with a quadratic potential, for all N ≥ 40, the model is outside the joint 95% CL of the Planck+WMAP9+BAO data. In our model for a non-minimally kinetic coupled DGP model, for all given values of N the model is well inside the joint 95% CL Planck+WP+highL+BICEP2 data. The left plot of Fig.4 shows the behavior of tensor to scalar ratio versus scalar spectral index in the background of the Planck+WP+highL+BICEP2 data. This figure has been plotted for six values of N . Also, we have plotted the evolution of running of scalar spectral index versus scalar spectral index in the background of the Planck+WP+highL+BICEP2 data (the left panel of Fig.4) . We see that, for all six values of the number of e-folding, the running of scalar spectral index is close to zero. It has been shown in [43] that in natural inflation this potential lies in the 95% CL Planck+WP+highL+BICEP2 and also it has been confirmed with WMAP9 [61] and Planck [47] data that a model with a cube potentia in 4-dimensions lies outside the 95% CL. In our branworld model, we obtain a different result: a non-minimally kinetic coupled DGP model with this potential, lies inside the 95% CL Planck+WP+highL+BICEP2 data for each given A minimally coupled 4-dimensional model with this potential lies within the 95% CL of the Planck+WMAP9+BAO data [47] . For N ≤ 70, our braneworld model (non-minimal kinetic coupled) with this potential lies inside the 95% CL Planck+WP+highL+BICEP2 data. But for all given values of N the model lies inside the 95% CL Planck+WP+highL data. The running of spectral index is plotted in the right plot of Fig.6 . In the left plot of Fig.6 , we see the evolution of tensor to scalar ratio versus scalar spectral index.
Similar to the other cases, we consider six values of the number of e-folding. In the left plot of Fig.7 , we see the evolution of tensor to scalar ratio versus scalar spectral index. For all given values of N , the non-minimally kinetic coupled DGP braneworld model with this potential lies inside the 95% CL Planck+WP+highL data, but does not lie inside the 95% CL Planck+WP+highL+BICEP2 . The running of spectral index is plotted in the right plot of Fig.7 and it is close to zero.
Our numerical analysis for a DGP model with a non-minimally kinetic coupled provides us with the value of each of the parameters φ i (the value of φ at the beginning of inflation), φ e (the value of φ at the end of inflation), H i (the value of H at the beginning of inflation), H e (the value of H at the end of inflation), ε, η (the slow-roll parameters), V (φ i ) (the value of potential at the beginning of inflation), and 9ζH V (φ)) for N = 60 (the number of e-folding), in the following tables. These values can tell us "which potentials are in best agreement with the recent observations."
It turns out that the potentials V (φ) ∝ φ 2 and V (φ) ∝ φ 3 provide respectively the best fits with the observations (see Fig.4, Fig.5 and table.II) . 
VI. CONCLUSION AND REMARKS
In this paper, we have considered a 5D bulk spacetime together with a single 4D brane and derived the effective 4D gravitational equations. Then, we have studied the non-minimally kinetic coupled version of a braneworld gravity proposed by Dvali, Gabadadze, and Porrati, so called DGP model. We have derived the field equations, using the FRW metric accompanied by the perfect fluid, and studied the inflationary scenario in this model. Finally, we have confronted the numerical analysis of six typical scalar field potentials with the observational data, and found that:
• For V (φ) = σφ 1 2 and V (φ) = σφ 2 3 and the given values of N , the non-minimally kinetic coupled DGP model is well inside the 95% CL of the Planck+WP+highL data, but does not lie in the 95% CL of the Planck+WP+highL+BICEP2. So, these potentials cannot provide the best fits with the current observations (see Fig.1 and Fig.2 ). • For V (φ) = σφ and the given values of N , the non-minimally kinetic coupled DGP model is well inside the 95% CL Planck+WP+highL+BICEP2 data. But, the evolution of tensor to scalar ratio versus scalar spectral index cannot provide the best fits with the current observations (see Fig.3 ).
• For V (φ) = σφ 2 and the given values of N , the non-minimally kinetic coupled DGP model is well inside the 95% CL Planck+WP+highL+BICEP2 data and the evolution of tensor to scalar ratio versus scalar spectral index provides the best fits with the current observations (see Fig.4 ).
• For V (φ) = σφ 3 and the given values of N , the non-minimally kinetic coupled DGP model is well inside the 95% CL Planck+WP+highL+BICEP2 data and the evolution of tensor to scalar ratio versus scalar spectral index provides the best fits with the current observations (see Fig.5 ).
• For V (φ) = σφ 4 and N ≤ 60, the non-minimally kinetic coupled DGP model is well inside the 95% CL Planck+WP+highL+BICEP2 data. Since the number of e-folding should be usually lager than 60 and because this potential cannot satisfy the slow-roll condition (i.e. 9ζH 2φ2 V (φ)), it is not a good potential for inflation in this model (see Table II ).
• For V (φ) = σφ 5 and the potentials with powers more than 5, one can show that for the given values of N the non-minimally kinetic coupled DGP model is well inside the 95% CL of the Planck+WP+highL data, but does not lie in the 95% CL of the Planck+WP+highL+BICEP2. Moreover, these potentials cannot satisfy the slow-roll condition (i.e 9ζH 2φ2 V (φ)), hence cannot be considered as good potentials for inflation in this model (see Fig7 and Table II ).
• For V (φ) = σ ln(φ) and V (φ) = σe ±φ and the given values of N , we get the imaginary value of φ at the end of inflation (i.e. φ e ). So, these potentials cannot be considered as good potentials for inflation in this model (see Table II ).
• For given scalar field potentials with n = 1/2, 2/3, 1, 2, 3, 4, 5, 6, N = 60 and ζ = 10 −3 the non-minimally kinetic coupled DGP model lies inside the 95% CL Planck+WP+highL data, and lies inside the 95% CL Planck+WP+highL+BICEP2 data, for n = 1, 2 (see Fig.8 and table I).
• For given scalar field potentials with n = 1/2, 2/3, 1, 2, 3, 4, 5, 6, N = 60 and ζ = 10 −8 , the non-minimally kinetic coupled DGP model lies inside the 95% CL Planck+WP+highL data for n = 1/2, 2/3, 1, 2, and lies inside the 95% CL Planck+WP+highL+BICEP2 data, for n = 1, 2, 3, 4, 5, 6 (see Fig.9 and table III).
• For given scalar field potentials with n = 1/2, 2/3, 1, 2, 3, 4, 5, 6, N = 60 and ζ = 10 −10 , the non-minimally kinetic coupled DGP model lies inside the 95% CL Planck+WP+highL data for n = 1/2, 2/3, 1, 2, and lies inside the 95% CL Planck+WP+highL+BICEP2 data, for n = 1, 2, 3, 4, 5, 6 (see Fig.10 and table IV).
In conclusion, in the study of inflation using the non-minimally kinetic coupled DGP model, we found that among the suggested potentials and coupling constants, subject to the e-folding N = 60 required by inflationary scenario, the potentials V (φ) = σφ, V (φ) = σφ 2 and V (φ) = σφ 3 provide the best fits with both Planck+WP+highL data and Planck+WP+highL+BICEP2 data.
